The Laser Interfcromeler Gravitational-Wave Observatory (LIGO) will observe cosmic gravitational waves which induce small apparent displacements between suspended test masses. This talk will review how developments in precision laser interferometry are addressing this goal.
The goal of the Laser Interferometer Gravitational-Wave Observatory ['] (LIGO) is to utilize the detection of gravitational waves for physical and astrophysical study. LIGO is being constructed by a collaboration of scientists at Caltech and MIT. In its mature phase it will be operated as a national facility, becoming part of a worldwide observatory network.
The gravitational-wave sensor is a sensitive interferometer that measures the changes in apparent separation of suspended test masses induced by the gravitational wave (see the figure below). Each of the two orthogonal arms of the interferometer contains a pair of mirrored test masses which form a Fabry-Perot optical cavity. Laser light is divided at the beam splitter, and reflected from the cavities in each arm. This reflected light acquires a phase shift which is very sensitive to the separations of the test masses. These phase shifts are then compared when the light recombines at the beam splitter. A passing gravitational wave distorts the local metric, causing distances to shrink in one arm while stretching in the other. The gravitational-wave field amplitude h is related to the apparent change in test mass separations 6 L by the relation
where L is the length of an arm. A strain sensitivity of -3 x on timescales of tens of milliseconds will ensure detection of several gravitational-wave bursts per year. For an interferometer with &kilometer arms, this entails detecting length changes of about meters. LIGO will use three such interferometers, located at two distant sites, to form a single triple coincidence detector.
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The principal noise sources affecting interferometer sensitivity are background motions of the test masses, mainly due to seismic noise and thermal noise, and noise in sensing the test mass motion due to laser noise, quantum fluctuations of the light, and fluctuations in the number of residual gas molecules traversing the optical beams.
Significant progress has been obtained in understanding and reducing noise sources through prototype studies using a "Mark 1" version of a suspended mass prototype gravitational-wave detector with 40-meter long arms:
A strain sensitivity of h M 6 x lo-'' has been achieved (i.e., a displacement sensitivity of 6 L = 2.4 x Seismic noise and broadband thermal noise were reduced to a level where thermally excited suspension-wire resonances (corresponding to test mass motions of less than 1 0-l6 meters rms) were readily observable with high signal to noise ratio12]. Detailed experimental investigations of photon shot noise have confirmed theoretical predictions of interferometer sensitivity. Laser frequency fluctuations over millisecond timescales were reduced below the millihertz level.
Changes in refractive index due to the maxwellian fluctuations of residual gas in the interferometer arms have been measured.
In the initial L E O interferometers, the light reflected from the arm cavities will be optically recombined at the beamsplitter. (The corresponding beams in the "Mark 1" prototype were separately detected in each arm.) When the two arms are balanced (in the absence of a gravitational wave), most of the recombining light retraces its path back towards the laser, allowing only a small leakge of light (due to imperfections in the optics) onto the detection photodiode (D1 in the figure) . The light returning toward the laser is recycled [3] by the recycling mirror, increasing the power in the interferometer arms. In the initial LIGO interferometer, 2 W of stabilized laser light incident on the recycling mirror will be increased to about 60 W of light at the beam splitter, resulting in about 4 kW of light stored in the Fabry-Perot cavities. Comparable recycling factors have been achieved in table-top prototypes of such an interferometer[41, and similar power levels have been sustained in test cavities. Servo design for introducing power recycling into suspended-mass prototypes is now underway.
Advances in technology and technique should allow a series of improvements to the basic LIGO interferometer. In optics, the development of better homogeneity in substrates and optical coatings, with improved resistance to thermal distortion, and development of better laser sources, should allow detectors to "see" further at higher frequencies. meters) with a bandwidth of order 1 kHz.
